Patient Selection
The RA as a secondarily preferred arterial conduit subsequent to the left internal mammary arteries (LIMA), was collected for all the elderly patients, except for those patients with a European System for Cardiac Operative Risk Score (Euroscore) of ≥8 and patients with contraindications for RA harvest.
Preoperative Screening for RA Use
Before RA was harvested, a modified Allen test (MAT), 8 defined as positive if the capillary refill time was more than 6 s, was routinely performed for the adequacy of the ulnar collateral circulation of the hand. Patients with a normal test proceeded to radial harvesting. To evaluate hand circulation for patients with positive MAT and also for the assessment of quality of RA including inner size and scleratheroma in female patients, in patients with diabetes mellitus, in patients with long history of smoking, and in patients with peripheral vascular disease, the Doppler ultrasound examination was used as described by Marcillon et al. 9 Contraindications for RA Harvest
Contraindications for RA Harvest in our study were as follows: (1) an inadequacy of the ulnar collateral circulation to the hand; (2) a diffuse arteriosclerosis and medial calcification; (3) an obvious stenosis; (4) a small inner size (<2 mm in diameter); (5) an anomaly, such as high bifurcation of the brachial artery or hypoplasia of the radial or ulnar artery shown by Doppler ultrasound examination; (6) a previous RA cannulation; (7) a prior operation in the forearm leading to periarterial fibrosis; (8) a demand for hemodialysis or fistulation of RA; and (9) a stenosis of the subclavian artery.
Surgical Approach
This study was reviewed and approved by the Institutional Review Board (IRB) in our hospital before it could be initiated, and informed consent was obtained from each patient with respect to the surgical method used.
Graft Procurement
The non-dominant forearm was usually selected for single RA procurement and RA harvest, concomitant with the harvesting of the LIMA and the saphenous veins (SV), and the procedure was carried out as described by Reyes et al in 1995. 10 Briefly, a curvilinear incision was made in the forearm. The subcutaneous fat and deep fascia over the branchioradial muscle and radial flexor muscle of the wrists was opened to expose the radial vascular pedicle. The pedicle was mobilized firstly in the middle of the forearm. All side branches were clipped with titanium clips and then divided by electrocautery. A dissection proceeded proximally to the recurrent RA and distally to the tendons at the wrists. The distal end of RA was firstly separated. Blood (15 ml) from the RA was collected and mixed with 5 ml of 1 mg/ml heparinzed papaverine solution, and then 3 ml of this mixed solution was injected into the lumen of the RA at the distal end. The RA pedicle was divided and immediately immersed into the mixed heparinzed arterial blood with papaverine of 1 mg/ml at room temperature until grafting occurred.
Grafting Strategy
The choice and combination of grafts were based on coronary artery anatomy, severity of coronary stenosis, and size of the grafted vessel. Usually the LIMA was directed to the left anterior descending artery. The strategy of RA as a graft in CABG was to bypass all significant stenosis (at least 75%) in all coronary vessels larger than 1.5 mm in diameter. The usual targets are the left circumflex, diagonal, ramus intermedius, or right coronary artery branches. If sequential grafting is required, the vessel used for intermediate anastomoses should have less of a degree of stenosis than the last territory. Proximal anastomosis of RA can be used as an aortocoronary bypass graft (free graft) or as a composite Y or T graft with the LIMA or SV.
CABG
All patients received general anesthesia and tracheal intubation. For on-pump CABG, standard cardiopulmonary bypass was instituted and antegrade or retrograde oxygenated tepid blood cardioplegia was used for myocardial protection. Target artery immobilization and regional myocardial control were achieved through a commercially available stabilizer in off-pump CABG, in which an intraluminal shunt and a CO2 blower were routinely used for anastomosis. The distal anastomosis was constructed with continuous 7-0 prolene and the proximal was with 6-0 prolene. A 4.5-mm opening was created with a puncher in the ascending aorta. An aortic connector was applied in off-pump CABG if a patient's aorta was severely calcified. A concomitant aneurysmectomy was performed for patients with: aneurysms more than 5 cm in diameter, aneurysm with vicious ventricular arrhythmias or for aneurysms with an attached thrombus.
Postoperative Medical Therapy
To prevent RA spasm, diltiazem (0.5-1.0 μg · kg -1 · min -1 ) was intraoperatively infused after a release of a side clamp, which lasted for 2-3 days. Thereafter, diltiazem oral therapy at a dosage of 90 mg/day continued for at least 6 months. All patients received intravenous nitroglycerin of 1.0-5.0 μg · kg -1 · min -1 for 24 or 48 h after the operation. Aspirin was given early at a dose of 100 mg at 6 or 8 h after extraction of the tracheal cannula, then daily thereafter.
Perioperative Complication and Definitions
Perioperative complications including any cardiac events (recurrent angina, myocardial infarction and congestive heart failure), neurological status and harvest-site complications were assessed. Operative mortality and morbidity was defined 11 as: all deaths or complications occurring during patient hospitalization; perioperative myocardial infarction 12 as a development of new Q waves, or a creatine kinase cardiac isoenzyme level twice the upper limit of normal, or a troponin I level of ≥10 IU/L; low-cardiac output syndrome as the appearance of a cardiac index of ≤2.0 L · min -1 · m -2 , the presence of systemic hypotension requiring inotropic drug support and/or an intra-aortic balloon pump procedure, oliguria, metabolic acidosis; acute renal insufficiency as a 50% decreased level of creatinine clearance 13 calculated with the Cockroft-Gault formula as compared to that of preoperation; respiratory insufficiency requiring mechanical ventilatory support for longer than 48 h, and stroke as focal or global cerebral dysfunction lasting more than 24 h.
Follow up and Coronary Angiography
After hospital discharge, follow up was performed with clinic visits at the outpatient clinic once a month for 1 year and thereafter once per 3 months. All patients underwent electrocardiography and ultrasonography at the outpatient, and dynamic and loaded electrocardiography was used to check for suspected patients with myocardial ischemia. Survival and any cardiac events (recurrent angina, myocardial infarction and congestive heart failure) or neurological status were assessed.
Angiography was proposed for patients any time there was evidence of suspected ischemia such as dyspnea, chest pain or palpitation or for patients who had surgery 3 years and more prior to the study. After informed consent was obtained, coronary artery studies were performed via the femoral route and results were independently reviewed by 3 experienced observers. Based on a previous study, 14 RA graft narrowing was defined as either complete occlusion or presence of the "string sign", or diameter narrowing (>70%) within the conduit, or at the anastomosis in our present study.
Statistical Analysis
All results are expressed as the mean ± SD given in parenthesis or as percentages. The unpaired Student's t-test was used as appropriate and a P value of <0.05 was considered statistically significant.
Results
Of the original 341 patients scheduled for surgery, 15 (4.40%) had to be excluded for RA harvesting for CABG. Among them, 5 patients (1.47%) had poor ulnar collateral circulation to the hand as displayed by Doppler ultrasound while, in contrast, 59 (17.3 %) had it shown by MAT; 6 patients (1.76 %), including an obvious stenosis of RA in 2 and a small size in 4 had a poor quality of RA; and 4 patients (1.17%) had a high Euroscore value. The remaining 326 patients were included in this study and the results were reported as the following.
The operative data and postoperative complication are showed in Tables 2 and 3. Three patients died from renal failure, 1 from respiratory insufficiency, 4 from stroke and 2 from an acute myocardial infarct.
Complete follow-up information was obtained in 244 patients (77.22%), with a mean time of 53.5±35.9 months (3-104 months) and there were only 4 late deaths and 11 late cardiac events. A total of 174 of the 316 patients (55.06%) underwent coronary angiography after a mean time of 74 months (47-101 months) after surgeries. Only 3 radial grafts including 2 Y grafts from the LIMA to a diagonal and as 1 graft from the aortic to obtuse marginal were occluded. The patency rate was 95.8% (95%CI, 94.1-97.4%) for RA, 77.4% (95%CI, 74.5-80.3%) for SV graft and 97.2% (95%CI, 95.9-98.5%) for LIMA respectively, as showed in 
Discussion Preoperative Screening and Doppler Ultrasonography Examination
The RA is the second most important artery to the hand and sufficient circulation to the hand can be endangered in situations where there is a lack of palmar collaterals, absent or an insufficient ulnar artery or sclerotic changes if the RA is sacrificed. 15 Therefore, it is important and mandatory to assess the adequacy of the ulnar collateral circulation to the hand before harvesting. Traditionally and widely, this has been done with MAT, 8 which is cheap, rapid and simple. Nevertheless, the MAT has been criticized 16, 17 for being too unreliable and subjective, and for its relatively low sensitivity and specificity. Approximately 17% our patients had positive MAT. In contrast, 15-23% were reported in IABP, intra-aortic balloon pump. Other abbreviations see in Table 2 . other studies. 8, 16, 17 Doppler ultrasonography of RA allows for the evaluation of adequacy of the ulnar collateral circulation to the hand and also allows for the preoperative rejection of an RA graft with poor quality such as small diameter, vessel wall arteriosclerosis, or calcification to be recognised. There was positive result for the MAT in 17.3% of patients in our study. However, only 1.47% among the MAT positive patients were excluded for RA collection preoperatively. Another 1.76% were also rejected for poor quality. A total of 54 patients with a positive MAT underwent RA harvest and none of them had ischemic hand complications, indicating that by providing only the MAT should not be considerated adequate before a RA harvest is performed. Therefore, in our opinion, Doppler examination can play an important role in the preoperative assessment of RA harvesting in the elderly.
Advantages of RA as a Graft for the Elderly
First, good quality and function of the RA in the elderly patients still exist. It was demonstrated by Wildhirt et al 18 that RA grafts exhibited good angiographic, morphometric, and basic flow metric results despite minor to moderate atherosclerotic changes in the RA in the elderly with coronary heart disease. It was also proven in another recent study 19 that RA for CABG showed similar functional results in elderly and young patients. Although there was a regional atherosclerotic change for the elderly with diabetes mellitus and 1.76% patients were excluded as a result of poor quality, most patients in our study had good quality and function in RA for CABG based on excellent early clinical results and mid-term follow-up and coronary angiography.
Second is the ease of harvesting and handling of RA. Among the arterial conduits, RA has a more superficial anatomical location in the human body, which allows for easy harvest. The mean time of 25±12 min for a single RA harvest in our study further supports its easy collection. When comparing the right internal mammary artery to the RA as a second arterial graft, the elderly patients receiving a RA have a lower incidence of sternal infection, dehiscence and mediastinitis. The average length of 20 cm of the RA makes it bypass all coronary artery territories, and its inner diameter of 2-3 mm closely matches that of the coronary arteries. The anatomical feature of RA allows it to be easily constructed as a single or sequential anastomosis, or as a composite Y or T graft. We suggest that the sufficient length of the RA should be obtained for sequential anastomosis and the volar side of the RA is preferred because of the reduced number of side branches and ease of access. Sequential anastomoses of the RA grafts had been proven to be safe and effective in our earlier study. 7 Third is the minimal harvest site complication. The neurological hand abnormalities have been described as the most common complications following RA harvest. 20, 21 Frequent damage to the superficial branch of the radial nerve and lateral antebrachial cutaneous nerve, but rarely to the median nerve, was mainly responsible for those symptoms. Based on our experience, a curvilinear incision along the belly of the rachioradialis muscle, a careful retraction of the brachioradialis and flexor carpi radialis muscles, a careful mobilization in the lateral of proximal and distal third of the RA pedicle in harvesting could result in decreased neurological injuries. Wound infection and hematoma in the forearm after RA harvest occurred, reportedly in approximately 4% of patients 22 while it was only 0.5% in the present study. In our experience, meticulous hematostasis without drainage during harvesting, especially for patients with diabetes mellitus and patients who required the procedure for emergency reasons, most likely contributed to a decreased number of wound infections and hematomas in our study.
Finally, an acceptable long-term (5-10 years) patency of RA can be achieved for the elderly. The reluctance to use more arterial grafts in elderly patients by most surgeons is most likely based on concerns about long-term survival and on the concept that the extensive use of arterial grafts might be associated with an increased morbidity and mortality caused by excessive surgical invasiveness, prolonged operative time, and higher risk for arterial spasm. Nevertheless, it was demonstrated in a few recent studies 23, 24 that RA as a graft in the elderly led to improved early clinical and cosmetic results, decreased hospital expenditure, decreased morbidity, and improved mid-term outcome. Moreover, there was a 95.8% patency of the RA graft, demonstrated by coronary angiography after a mean time of 74 months after the operation in our study, compared with a 98.3% patency after 5 years in recent study. 6 
RA Spasm and its Prevention in the Elderly
It was reported that the spasms of RA occurred in 4-10% of patients. 24 However, only 0.62% of the aged patients developed spasm of the RA in our present study.
The highlights to avoid spasm of the RA in our experience include: (1) harvesting of the RA in a pedicled technique. Harvesting of the RA can be, reportedly, obtained with the use of a pedicled technique, 7 with a skeletonized technique, 25 or with an endoscopic harvesting technique. 26 Obviously, the pedicled technique is not only easy to learn but is beneficial to minimize irritation to the RA. Any intralumial probing should be prohibited. Diabetes mellitus was reported as a predictor for RA spasms in a study. 27 Transient RA spasms during harvesting in our study occurred in 3 patients who had diabetes mellitus. Therefore, extra precautions are required for RA harvest in elderly patients with diabetes mellitus. (2) Use of a Ca 2+ channel blocker. A variety of agents were proposed for the prevention of RA graft spasm in CABG worldwide. The majority of vasospasm prophylaxis in RA grafts is associated with diltiazem, 28 although there is still no consensus regarding the best choice for the prevention of RA graft spasm. Thus, it was also proven in the present study that use of diltiazem was beneficial for avoiding RA spasms. According to our experience, oral diltiazem should last for more than 6 months. (3) Finally, the infusion of warm arterial blood containing papaverine into the lumen of RA and immersion of harvested RA into a mixed solution was proven to be effective in the present study and in our early study. 7 
Study Limitations
The main limitation of the study is associated with a relatively small sample size of patients subjected to coronary angiography other than systematic angiography for patients. Some patients for CABG were from other cities or the countryside, with urban development and increasing immigration of the population in China, and so the communication to some patients was unavailable. Therefore, only the data of 77.22% of patient after surgery was obtained. This is a result of the single-center design, which is another limitation of our study.
